Abstract. We examined whether a goalkeeper can influence a penalty-taker's actions by assuming postures that mimic Mu« ller-Lyer configurations. The results of two studies indicate that (i) goalkeeper posture affects the perception of the goalkeeper's height in a manner consistent with the Mu« ller-Lyer illusion; (ii) this influences penalty-taking accuracy; and (iii) a posture which resembles a wing-out Mu« ller-Lyer configuration results in wider and lower throws.
This posture is sometimes assumed by goalkeepers when defending a penalty. Each posture was presented five times, with the order of presentation randomised between participants. The participants indicated the height of the goalkeeper (the distance between the bottom of the shoes and the top of the head) by marking the corresponding distance on a vertical comparison line that was printed on a separate sheet.
We tested whether the difference between the height estimates for the arms-out posture (ie the typical control Mu« ller-Lyer configuration) and the other postures differed from zero in the direction predicted by the Mu« ller-Lyer illusion. Participants overestimated the height of the goalkeeper for the arms-up posture by an average of 0.24 cm (t 14 2X63, p 0X01), and underestimated his height by an average of À0X35 cm and À0X51 cm from the arms-down and the arms-parallel postures, respectively (t 14 5X79, p 5 0X001; t 14 6X27, p 5 0X001). These effects were not mediated by the size of the goalkeeper. The results thus demonstrated that, by raising and lowering the arms to emulate a Mu« ller-Lyer illusion, goalkeepers can make themselves look approximately 3% to 5% bigger or smaller, which amounts to 6 to 9 cm for an average-height goalkeeper (1.86 m).
Having established that the posture assumed by the goalkeeper influences perception of his or her size, we examined how this would affect far-aiming accuracy. We used a simulated handball penalty throw (a 7 m throw) rather than the equivalent penalty kick in soccer, because pilot work showed that our participants were more accurate in throwing than kicking. Twenty-four male undergraduates threw balls (diameter 12 cm) at a handball goal (204.5 cm6134.6 cm) projected onto a screen (figure 2). The participants were instructed to imagine that the goalkeeper could move only his arms and legs to stop the ball and to``score a goal by throwing the ball inside the posts and out of reach of the goalkeeper''. The four goalkeeper postures from the first study were used. Both the projected goal and goalkeeper were down-scaled to 68% of their normal size (ie the goalkeeper measured 119.5 cm in height with an arms-out span of 125.2 cm). The participants stood in front of the screen at a distance of 478 cm (68% of 7 m). Two additional arms-out posture figures of different size (125.0 cm6 113.5 cm and 131.0 cm6118.9 cm) were used in catch trials. Each figure was presented 10 times. Two cameras of a Qualisys 2 3-D motion-capture system recorded the trajectory of the ball at 100 Hz. Reflective tape was used to make the ball visible. The reconstructed 3-D coordinates were used to compute the ball's landing location on the screen.
We determined the ball's landing location relative to the goalkeeper's body midline and tested whether the difference in landing location on the horizontal plane between the arms-out posture and the other postures differed from zero. Consistent with a Mu« llerLyer illusion, participants were expected to throw farther from the body in response to the increased perceived size of the goalkeeper in the arms-up posture, but closer in response to the decreased perceived size in the arms-down posture. A difference was evident for the arms-up posture (t 23 2X15, p 0X02). On average, participants threw the ball 3.9 cm further from the body. The differences for the arms-down and arms-parallel postures were not significant (2.1 cm and 2.3 cm further from the body, respectively). Goalkeeper posture did not affect the percentage of balls that were thrown wide of the goal-post, although it was slightly higher for the arms-up than for the arms-out posture (9.6% versus 7.5%). As one might expect, goalkeeper posture did affect the ball's landing location on the vertical plane. Balls landed significantly lower for the arms-up and arms-out postures (both at approximately chest height, 69.4 cm) compared with the arms-down and arms-parallel postures (both at approximately shoulder height, 82.1 cm and 79.0 cm) (t 23 s 5 2X27, ps 4 0X03). Significantly fewer balls were thrown over the cross-bar when the goalkeeper had his arms up (1.3%) than when he had his arms down (4.2%) (t 23 2X60, p 0X02). These results demonstrate that the posture goalkeepers assume influences the perception of their size, with bias that is consistent with the Mu« ller-Lyer illusion. In fact, the generalisation of the illusion to far-aiming provides evidence for a ventral stream contribution in action (Milner and Goodale 2008) . For goalkeepers it is important to recognise that the posture they assume is not perceptually neutral. Conventional wisdom holds that goalkeepers should make themselves look big. Our work takes no account of the psychological impact of a goalkeeper`looking big', but nevertheless suggests that, with the arms raised skywards, penalty-takers are likely to direct the ball further from the goalkeeper (without missing wide of the goal-post), making it more difficult to make a save, so alternative postures (eg arms-out), which make the goalkeeper look smaller are likely to result in the penalty-taker aiming the ball nearer to the body (extrapolation to real life sizes indicates that the difference amounts to 5.7 cm), which may increase the likelihood of a save. Analysis of real-life goalkeeper behaviour may bear this out. 
